9 Behavioural assessments of shelter dogs (Canis lupus familiaris) typically comprise 1 0 standardised test batteries conducted at one time point but test batteries have shown 1 1 inconsistent predictive validity. Longitudinal behavioural assessments offer an 1 2 alternative. We modelled longitudinal observational data on shelter dog behaviour using 1 3 the framework of behavioural reaction norms, partitioning variance into personality (i.e. 1 4 inter-individual differences in behaviour), plasticity (i.e. individual differences in 1 5 behavioural change) and predictability (i.e. individual differences in residual intra-1 6 individual variation). We analysed data on 3,263 dogs' interactions (N = 19,281) with 1 7 unfamiliar people during their first month after arrival at the shelter. Accounting for 1 8 personality, plasticity (linear and quadratic trends) and predictability improved the 1 9 predictive accuracy of the analyses compared to models quantifying personality and/or 2 0 plasticity only. While dogs were, on average, highly sociable with unfamiliar people and 2 1 sociability increased over days since arrival, group averages were unrepresentative of all 2 2 dogs and predictions made at the individual level entailed considerable uncertainty. 2 3 Effects of demographic variables (e.g. age) on personality, plasticity and predictability 2 4 were observed. Behavioural repeatability was higher one week after arrival compared to 2 5 arrival day. Our results highlight the value of longitudinal assessments on shelter dogs 2 6 and identify measures that could improve the predictive validity of behavioural 2 7 assessments in shelters. 2 8 2 9 Keywords-inter-and intra-individual differences, behavioural reaction norms, 3 0 behavioural repeatability, longitudinal behavioural assessment, human-animal 3 1 interactions. 3 2 3 3 3 4 Personality, defined by inter-individual differences in average behaviour, represents just 3 5 one component of behavioural variation of interest in animal behaviour research.
The analysis of behavioural reaction norms is dependent on the use of hierarchical 1 0 3 statistical models for partitioning variance among individuals [3, 5, 6] . Given that ordinal 1 0 4 data are common in behavioural research, here, we illustrate how similar hierarchical 1 0 5 models can be applied to ordinal data using a Bayesian framework (see also [31] ). Apart or departing in 2015), filtered to include all dogs: 1) at least 4 months of age (to ensure 1 2 6 all dogs were treated similarly under shelter protocols, e.g. vaccinated so eligible for 1 2 7 walks outside and kennelled in similar areas), 2) with at least one observation during the 1 2 8 first 31 days since arrival at the shelter, and 3) with complete data for demographic 1 2 9 variables to be included in the formal analysis (Table 1) . Because dogs spent 1 3 0 approximately one month at the shelter on average (Table 1) , we focused on this period in 1 3 1 our analyses (arrival day 0 to day 30). We did not include breed characterisation due to related models, see [31, 41, 42] sex, neuter status, source type, and rehoming centre (Table 1) . For neuter status, we did 2 8 0 not make comparisons between the 'undetermined' category and other categories. The
primary goal of including these predictor variables was to obtain estimates of individual All four dog-level parameters were assumed to be multivariate normally distributed with 2 9 5 means 0 and variance-covariance matrix ૅ estimated from the data:
The diagonal elements are the variances of the dog-level intercepts, linear slopes, 2 9 7 quadratic slopes and residual SDs, respectively, while the covariances fill the off-2 9 8
diagonal elements (only the upper triangle shown), where ߩ is the correlation coefficient.
9 9
In the results, we report (i.e. using the median of the log-normal residual SD), was calculated as:
Equation 5 To inspect the degree of rank-order change in sociability across dogs from arrival day 3 1 9 compared to specific later days (i.e. whether dogs that were, on average, least sociable on 3 2 0 arrival also tended to be least sociable later on), we calculated the 'cross-environmental' 
4 6
Variation in individuals' average behaviour across days (i.e. variation in dogs' intercept 5 4 7 estimates) illustrated that personality estimates spanned a range of behavioural codes, 5 4 8 although model predictions mostly spanned the green codes (Figure 2b ; Table 2 ).
4 9
However, whilst there were many records to inform group-level estimates, there were (individuals with positive model estimates in Figure 3b ), and while most dogs showed 5 6 7 greater behavioural change early after arrival, others showed slower behavioural change 5 6 8 early after arrival (individuals with negative model estimates in Figure 3c ). As with 5 6 9 estimates of personality, there was also large uncertainty of plasticity. 
